. Brit. J. industr. Med., 29,[274][275][276][277][278][279]. Radiological survey of men exposed to asbestos in naval dockyards. Asbestos related abnormalities were found in 3 % of a 10 % sample population in radiological surveys of the naval dockyards at Portsmouth, Chatham, and Rosyth. The prevalence of these abnormalities was related to the type of occupation and duration of exposure to asbestos. The results confirm the findings of an earlier survey at Devonport dockyard.
The radiological survey of Devonport dockyard workers (Sheers and Templeton, 1968) has now been extended to the other three naval dockyards at Chatham, Portsmouth, and Rosyth. The results of the Devonport survey emphasized the extent of the problems associated with the use of asbestos in one naval dockyard and gave added impetus to the complete reassessment of the use of asbestos materials, and of working methods involving asbestos, in all naval dockyards which has been carried out by the Ministry of Defence (Navy) (Harries, 1968 (Harries, , 1971 ).
Methods
The methods used in this survey were the same as those used by Sheers and Templeton (1968) .
The sample consisted of every tenth man on the staff and weekly paid payrolls of Portsmouth, Chatham, and Rosyth dockyards. Only female employees and male finance department employees were excluded because 274 they were not exposed to asbestos. There were 2 568 men in the sample and 2 442 (95 Y) of these were examined.
The medical departments of each dockyard supervised the completion of a short questionnaire on occupational history, smoking habits, and details of past illnesses from each subject at the time of the chest radiograph. The 100 mm chest photofluorographs were produced by an Odelca camera with stationary grid coupled to a 200 mA x-ray generator and phototimer.
The 100 mm films were read independently by three readers (P.G.H., F.A.F.M., and G.S.) and subjects were recalled for large films if any reader suspected an abnormality. Clinical examination of the chest was performed by dockyard medical officers for each recalled subject and included the completion of the Medical Research Council long respiratory symptoms questionnaire and the measurement of forced vital capacity (FVC) and one-second forced expiratory volume (FEVy.,) using a Vitalograph. When pulmonary fibrosis was suspected more detailed lung function examinations were undertaken at respiratory physiology laboratories.
Classification of radiographs
The full-size postero-anterior and 450 oblique radiographs of recalled subjects were read independently by the three film readers who also considered data from the respiratory questionnaire, clinical examination, and tests of ventilatory capacity before classifying the film. Differences between readers on the assessment of films were discussed and an agreed reading was produced for each film.
The 45°oblique radiograph was useful in confirming or excluding the minor degrees of pleural thickening suspected on postero-anterior films (Mackenzie and Harries, 1970) .
For the purpose of this survey minor degrees of parenchymal abnormality suggestive of early pulmonary fibrosis were noted but were not classified as being abnormal. Films were classified as showing evidence of pulmonary fibrosis only when there was supporting clinical and physiological evidence.
Pleural abnormalities were classified as being associated with asbestos only when other causes such as past infection, surgery, or trauma had been excluded. The types of asbestos pleural abnormalities were subdivided into limited or extensive pleural thickening and calcified or non-calcified pleural lesions.
Results
The new work reported in this paper relates to Chatham, Portsmouth, and Rosyth dockyards, but because the techniques used are the same as those used at Devonport by Sheers and Templeton (1968) , the results are comparable and, as far as possible, the four dockyards are considered together.
Analysis of the questionnaires showed that there were no big differences between the dockyards in the age or occupational structure of the population, and that the proportions of men in each smoking category were similar for each yard.
Radiological abnormalities
The overall prevalence of asbestos abnormalities in the dockyards was 3-16% (Table 1 Four cases of pulmonary fibrosis were found in the sample population at Devonport in 1968. Three of them were laggers, and they had been exposed to asbestos dust for more than 15 years. The fourth man had been intermittently exposed to asbestos dust for 29 years, during which time he was periodically employed in cleaning up asbestos debris in ships.
Sixty-one of the 69 men with asbestos abnormalities had pleural changes. Limited plaques occurred more frequently than extensive pleural abnormalities and more non-calcified than calcified lesions were seen (Table 2) . These findings are similar to those in the Devonport study.
Other radiographic abnormalities were recorded in 1 19 (44-2 %) of the 269 men recalled for large films in Chatham, Portsmouth, and Rosyth. These abnormalities included extensive healed pulmonary tuberculosis, unilateral pleural fibrosis resulting from empyema, and abnormalities associated with extensive surgical treatment. There were many radiographs with increased basal lung markings and some of these men had a history of chronic bronchitis and emphysema. Radiological survey of meni exposed to asbestos in naval dockyards 277 the yards we used the same classification (Table 4) . In each yard those groups thought to have been exposed to higher concentrations of dust showed more asbestos related abnormalities than the groups with lesser dust exposure.
The prevalence of asbestos abnormalities is highest in men heavily and continuously exposed to asbestos (group I asbestos sprayers and laggers), but the results show that there are other occupations in which the rates are higher than in the general dockyard population. The numbers of affected men in individual trades are small so that it is unwise to draw firm conclusions from this survey, but the results suggest that joiners, painters, riveters, caulkers, drillers, shipwrights, engine fitters, and men who had been employed for most of their working life as Royal Navy engine room artificers have higher than average prevalence rates. Joiners have been exposed to dust by working with asbestos sound insulation, and painters because of their association with asbestos spraying, but most of the remaining 'high risk' groups are 'neighbourhood workers' in engine rooms and boiler rooms where insulating work has been undertaken by others.
It was thought that pulmonary fibrosis (asbestosis) might be limited to those men continuously working with asbestos (group I occupations), but more than half of the men with pulmonary fibrosis discovered in the present survey were 'neighbourhood workers'. Experience from all dockyard employees at Devonport confirms the sample findings; only 41 of the 128 men who have disability pensions for asbestosis are recognized asbestos workers.
Pleural abnormalities were found more frequently than the parenchymal disease and they give rise to concern not only because of the larger numbers of men affected, but also because of the uncertainty of the prognosis. There is some evidence to suggest that pleural abnormalities are associated with changes in lung function (Becklake et al., 1970; Harries, 1970c) but the simple tests of ventilatory function carried out in these surveys showed only that pulmonary fibrosis was associated with a restrictive lung defect, and that other chronic lung conditions were accompanied by an obstructive pattern of lung function.
Extensive pleural fibrosis is associated with a reduced lung volume and ventilatory capacity and can cause physical disability. Measurement of static and dynamic lung volumes and transfer factor in 11 men with extensive pleural thickening identified in the Devonport sample (Sheers and Templeton, 1968) shows that for all 11 men the FVC and FEV1.0 were less than the predicted normal values and the transfer factor was less than the predicted value in 10 of them (Table 5) . Predicted values for FVC, FEV1.0, total lung capacity, and transfer factor were calculated from the regression equations from Cotes (1968) . These data form part of a more detailed study of men with asbestos pleural abnormalities presently being undertaken at Devonport. It is disturbing that more than half the cases of pulmonary fibrosis (asbestosis) and pleural abnormalities related to asbestos exposure were found in so-called 'neighbourhood workers' who have not themselves worked regularly with asbestos products. The explanation lies in the widespread contamination of ships during lagging and spraying involving asbestos insulating materials (Harries, 1971) . At Devonport all of the dockyard cases of pleural mesothelioma are in neighbourhood workers; none in recognized asbestos workers. A similar observation has been made by Stumphius (1971) in his report on shipyard workers in the Netherlands. Selikoff, Hammond, and Churg (1968) (Harries, 1970d) .
In an attempt to answer many current uncertainties about asbestos related diseases aresearchprogramme is being prepared by the Institute of Naval Medicine (for Ministry of Defence (Navy)) and the Medical Research Council Pneumoconiosis Unit. The work will include a radiographic survey of the total population in each naval dockyard, together with more detailed studies of selected groups of men with asbestos abnormalities, or in specified occupational groups. The detailed studies will include physiological and immunological investigations and will be linked with other research into possible methods of treatment of diseases caused by asbestos.
Conclusions
New cases of asbestos disease may be expected to occur in naval dockyard employees for many years despite the preventive measures introduced to prevent extensive contamination of ships by harmful concentrations of asbestos dust. There are men in each dockyard with undetected asbestos disease, and there are apparent differences in the prevalence of these diseases between the dockyards. The prognosis of men with asbestos pleural disease is uncertain, and increasing numbers of pleural mesothelioma are occurring in dockyard workers.
